absorbing the X-rays. The detector transforms the emitted photons into analogical signals (by means of voltage) and then a computer transforms such signals into digital ones (12, 15, 16) . There is a convention utilized to translate the detected voltage values into digital units, the absorption coefficient (attenuation). It is calculated in relation to the linear coefficient of water, for which the numeric value 0 is attributed, in a scale that may range from +1,000 to -1,000 Hounsfield units (HU) and is represented by a gray scale comprising a large spectrum of neuroradiology for the diagnosis and treatment of several diseases (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . Computed tomography (CT) was developed by the British physicist Godfrey Hounsfield and was first utilized at the Atkinson Morley Hospital, London, in 1972, and quickly became one of the main methods for the evaluation of structural brain disorders (12) (13) (14) . Currently, the method relies on an X-ray tube that spins 360° and is equipped with photon detectors opposite to the X-ray source. The image will depend upon the thickness of the object and its capability of
INTRODUCTION
A number of recent studies published in Brazil have highlighted the relevance of tones representation between white, gray and black (Table 1 ) (15, 16) . With the advent of magnetic resonance imaging, cranial studies by means of CT became better indicated in acute situations such as those encountered at specialized emergency services. CT is the imaging method of choice in the evaluation of head trauma (HT) as it can demonstrate bone and parenchymal changes, besides hemorrhages. It is a very important method as it is accessible because of its wide availability, lower cost and low acquisition time. Magnetic resonance imaging, on its turn, presents some limitation in patients with implanted materials, such as clips or pacemakers, claustrophobia or obesity, which do not prevail in CT (17) (18) (19) . At the CT unit of Hospital Universitário Cajuru (HUC), the main indications for cranial CT include: decreased consciousness level without known causes; alcohol or drug intoxication; focal neurological deficit; suspected penetrating injury or skull fracture; consciousness loss during or after trauma; ages < 2 years and > 65 years with a history of HT; unreliable history; reports of post-trauma vomiting; posttrauma amnesia; signs of skull base fracture; polytrauma; severe facial trauma; significant extracranial soft tissue swelling; and suspicion of child abuse.
Because of the shortage of local scientific studies (Curitiba metropolitan area) evaluating the prevalence of cranial CT findings and, considering that HUC is a specialized emergency service where such imaging method is required, the present investigation became necessary to evaluate the service, as well as to analyze the prevalence of findings. Thus, the present study was aimed at recognizing and analyzing the prevalence of cranial CT findings in patients admitted to the emergency unit of HUC in Curitiba, PR, Brazil.
MATERIALS AND METHODS
A cross-sectional study was undertaken with sequential analysis of 200 cranial CT reports of patients admitted to the HUC's emergency unit in the period between January 1st and February 9, 2008.
All the patients admitted to the HUC's emergency unit who were submitted to cranial non contrast enhanced CT were included in the present study, regardless of gender and age. Only reports of patients submitted to contrast-enhanced scan were excluded. The scans were performed with the patients in dorsal decubitus, in a Siemens Somaton Spirit apparatus, with the following acquisition parameters: 130 kVp, 100 mAs, axial plane, 3 mm-thick slices for the posterior fossa, and 10 mm-thick slices for the remaining areas of the skull, without intravenous contrast injection.
Two report patterns were considered and recorded as being normal: without volume reduction and with volume reduction (normal pattern for elderly patients).
Normal pattern without volume reduction -Absence of expansile lesions, extraaxial collections or pathological calcifications in the encephalon; ventricular system with normal morphology, topography and dimensions; anatomical features of the basal cisterns, as well as of the sulci between the cortical gyri in the brain convexities. Diagnostic impression: study within the normality limits.
Normal pattern with volume reduction -Absence of expansile lesions, extra-axial collections or pathological calcifications in the encephalon; dilation of the ventricular system (ex-vacuo); prominence of the cerebellar folia, basal cisterns, Sylvian fissure as well as of the sulci between the cortical gyri in the brain convexities. Diagnostic impression: brain and cerebellar volume reduction.
All the other CT findings, such as hypodense lesions or collections, microangiopathy, hyperdense lesions or collections, hemorrhages, expansile lesions (tumor, hematoma, hemorrhages), soft-tissue volume increase, calcifications, atheromas, fractures, alterations secondary to surgical procedures (craniotomy, aneurysmal clips, shunt catheter), pneumocephalus, signs of intracranial hypertension (hydrocephalus, edema, hernias, ventricular asymmetries, midline structures displacement and focal obliteration of sulci), sinusal alterations, foreign body, metal fragments and anatomic variations, were considered abnormal and exposed to analysis, establishing a relation between number of findings and total number of scans.
RESULTS
In the sample of this study, 47 patients (23.5%) presented results within the normality standards. Thus, 153 patients (76.5%) presented alterations detected by CT.
The most common finding was intracranial soft-tissue swelling, observed on 44 (22%) of the 200 CT scans.
The bone fractures found in 33 patients (16.5%) are shown on Table 2 .
The findings of ectopic air collections included pneumocephalus, observed in 11 patients (5.5%), and intra-orbital emphysema, in one patient (0.5%).
Hyperdensities and hypodensities are listed on Tables 3 and 4 , respectively.
Ventricular alterations and signs of intracranial hypertension are represented on Table 5 .
Abnormal findings observed in the nose, nasal cavity and paranasal sinuses (22) for all patients. In the opinion of the authors of the present study, their findings are within the expected levels for an emergency unit, considering the current indications for cranial CT.
The most prevalent finding was extracranial soft-tissue swelling (22%). Such finding was also prevalent in the study developed by Rocha (20) , with 57%, by Bordignon et al. , with 44.3%. Such an alteration is typical in cases of HT, and for such reason its prevalence was higher in those studies.
Bone fracture was found in 33 patients (16.5%), and was the second most prevalent finding in the present study. The most common one was temporal bone fracture, with 5.5%, a value that is close to the 4.7% reported by Amin et al.
(24)
. Pneumocephalus is an air collection inside the cranial cavity that may be secondary to surgery or procedures, skull base fracture, congenital defects, tumors causing bone erosion and infection by gas producing bacteria (15, 18) . Such finding had a prevalence of 5.5% in the present study, while Rocha (20 found 9.3% and Palheta et al.
(21) found 7.1%.
were the following: veiling of paranasal sinuses, in 23 patients (11.5%); sinusopathy, in 13 patients (6.5%); and septal deviation in 2 patients (1%). Veiling and sclerosis of the mastoid process was observed in 4 patients (2%).
The following types of pathological calcifications were observed: intraparenchymal calcifications, with 15 findings (7.5%); calcified atheromas in the carotid or vertebral system, with 14 (7%) findings; and eyeball calcifications with 2 (1%) findings.
As regards expansile lesions, there were 5 (2.5%) findings -3 (1.5%) hypodense and 2 (1%) heterogeneous -; 2 (1%) parenchymal heterogeneities and one (0.5%) corpus callosum lipoma.
Craniotomy was found in 15 (7.5%) patients, one (0.5%) of them with herniation. Ventricular shunt catheters were found in 10 (5%) patients.
In addition, motion artifacts were found on 12 scans, impairing their results, 7 (3.5%) metal fragments, 4 (2%) aneurysmal clips and 2 (1%) orotracheal tubes. Cavum vergae, an anatomic variation, was found in 2 (1%) patients.
The 10 most prevalent findings are listed on Table 6 and the most relevant images are shown on Figures 1, 2 and 3 .
DISCUSSION
In the present study, 23.5% of the scan results were found to be normal. Such result is similar to that obtained by Rocha . The most common one was subarachnoid hemorrhage, with 15%, and was the third most prevalent finding in the study. Such a finding was observed by Rocha (20) in 22.4% of his patients, a higher prevalence than that reported by Stein et al. , with respectively 5.7% and 6.4%. Cerebral contusion was found in 8.5% of the CT scans in the present study. Such a finding was observed by Rocha (20) in 24.4% of his patients, in 12.9% by Bordignon et al.
(23) and in 8.6% by Palheta et al.
(21)
. Subdural and epidural hematomas had a prevalence of 9.5% and 3%, respectively, the latter with a lower prevalence than that reported by Palheta et al. , of 4.3%, and by Rocha (20) , of 8%. Subdural hematoma was found by Rocha (20) in 7.3% of his patients, by Palheta et al. (21) in 10%, and by Servadei et al. (26) , in 11% of the patients. Intraparenchymal hematoma was found in 5.5% of patients, while Rocha Hypodensity may indicate the presence of tumor, abscess, hematoma in resolution, ongoing infarction, chronic hematoma, chronic infarction, encephalomalacia, microangiopathy (microvascular ischemic damage), among others (15, 16, 18) . In the present study, hypodensity of nonspecific type was the most prevalent (14.5%), representing the fourth most prevalent finding in the study. The second most prevalent type of hypodensity was retractile hypodense area/gliosis/encephalomalacia, in 8% of the patients. Microangiopathy was the third most prevalent, with 6%. It is important to note that, in the present study, the authors considered as nonspecific findings those that were not described as typical ischemic lesions, microangiopathy or encephalomalacia.
Intracranial hypertension may be caused by an expansile process (tumor, hematoma, cysts, abscess, empyema and granuloma), hydrocephalus, cerebral edema, metabolic disorder, and intoxication by prescription drugs or other types of drugs (16, 18) . Among the findings related to intracranial hypertension and ventricular alterations, the authors of the present study observed diffuse cerebral edema (10.5%); hydrocephalus (8%); intraventricular hemorrhage (5.5%); midline structures displacement (5.5%); and subfalcine herniation (1%).
In their study, Palheta et al. (21) have found diffuse edema in 5.7% of their cases, while Rocha (20) has observed such finding in 8.2% and midline structures displacement in 9.1% of his cases. Palheta et al. (21) highlight that midline structures displacement is commonly associated with subfalcine herniation, being such herniation the most common in this case. The present study did not found any other related herniations. Intraventricular hemorrhage was found by Rocha (20) in 2.7% of his cases, and such finding was not observed by Palheta et al. (21) . Because of the intimate association with surrounding structures, isolated paranasal sinuses injuries are uncommon. Association between bone injuries, including those in the paranasal sinuses, with intracranial and extracranial soft tissues are more common (27) . This explains the fact that veiling of the paranasal sinuses was observed in 11.5% of the cases, the fifth most prevalent finding in the present study, probably associated with other HT injuries. Veiling and sclerosis of the mastoid process were found in 2% of the patients. According to Secchi et al. (28) , such finding is present in 25% of temporal bone fractures. In the present study, sinus hemorrhage and changes in the content of the sinuses were not discriminated.
Intracranial calcifications represent frequent incidental findings at numerous neurological imaging studies (29) . In the present study, calcifications with greater significance were intraparenchymal calcifications (7.5%) and calcified atheromas in the carotid or vertebral system with (7%).
Craniotomy, observed in 7.5% of cases, as well as aneurysmal clips, in 1.0%, are due principally to postoperative follow-up.
Metal fragments corresponding to projectiles or shrapnel were found in 3.5% of the patients. Rocha (20) has found them in 4.4% of the cases and Palheta et al. It is important to remind that the main studies utilized in the discussion of the data, such as those published by Rocha , have exclusively evaluated patients with indication of CT for HT. The present study did not discriminate the indication for cranial CT scan, but, considering that the HUC is a reference emergency service, HT was the main indication for the CT scans.
As limitations inherent to the present study, the authors highlight that the study period of one month and nine days might give room to possible seasonal variations, and that the evaluation was based only on a report made by a single radiologist and not by consensus between two radiologists. Another limitation was the absence of reports standardization, as many times different radiologists utilize different terms for a single type of finding, a fact which required a revision of the tables and data proposed by the authors.
It is also important to mention the difficulty in finding studies describing CT findings in emergency settings, and for such reason it would be appropriate to undertake further studies with the same objective.
CONCLUSIONS
The authors recognize that the most common non-contrast-enhanced cranial CT findings in emergency settings reported by other studies are similar to those observed in the present study. Such findings include extracranial soft-tissue swelling (22%), bone fracture (16.5%), subarachnoid hemorrhage (15%), nonspecific hypodensity (14.5%), veiling of paranasal sinuses (11.5%), diffuse brain edema (10.5%), subdural hematoma (9.5%), cerebral contusion (8.5%), hydrocephalus (8%), and retractile hypodensity/gliosis/encephalomalacia (8%).
Such data are important to enable the professionals in the service to recognize the mains findings to be identified at cranial CT and for a future planning and hospital screening, with the purpose of obtaining efficiency and improvement in the rendered services.
